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Accumulation and Subcellular Distribution of Cadmium in Vegetables Grown in Hydroponic Solution

WANG Fang, YANG Yong, ZHANG Yan, LI Hua—fen

(The Key Laboratory of Plant Nutrition and Nutrient Cycling, MOA, Key Laboratory of Plant—Soil Interactions, MOE, College of Resources
and Environmental Sciences, China Agricultural University, Beijing 100094, China )

Abstract : Knowledge of intracellular distribution pattern of heavy metals could help to understand their effects on cellular activities. Cadmi-
um( Cd )uptake and subcellular distribution in vegetables(Brassica rapa L. spp. Chinenesis, Raphanus sativus L. and Daucus carota L.)were
studied in hydroponic solutions containing 1.0 or 5.0 wmol+ L™ Cd in a controlled condition. Roots and shoots were sampled after 7 days of ex—
posure to the Cd solutions. The average dry matter values for roots and shots in the different treatments showed no significant difference. Cd
addition did not significantly reduce the yield and growth of the tested vegetables and no Cd toxicity symptoms were observed. Generally root
and shoot Cd concentrations were higher in plants grown in nutrient solution containing 5.0 wmol - L' than in plants grown with 1.0 pmol - L.
Cd. Cd was accumulated in leaves mainly in the cell wall fraction (62%~85% )and this accumulation was independent of Cd level in nutrient
solution. Cd concentrations in fractions increased with the increasing level of Cd. Cd concentrations of the roots were much higher than that of
the shoots, but the ratio of Cd in the roots decreased from 44%~59% to 27%~38% with the increasing Cd concentration. Significant differ—
ences were found in the Cd uptake of roots and transportation into shoots between vegetables.
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Table 1 Cd concentrations and percentages in the subcellular fractions of vegetable leaves(mg-kg™, FW)

LIESSEN JEA BN EHERIR)
Chloroplast Protoplast, excluding chloroplasts

Cd Hepz/ Bk A 21
pmol - L Vegetable species Cell wall
1.0 it 0.81+0.22 a(81%)
EES 0.72+0.17 a(75%)
LIE) 0.56+0.13 b(62%)
HE 0.63+0.22 a(74%)
5.0 e 1.86+0.55 a(72%)

[EES 1.4120.36 a(72%)
DIEAN 1.49+0.18 a(72%)
EECAN 1.54+0.12 a(77%)

0.13+0.05 a(12%)
0.13+0.07 a(12%)
0.08+0.05 a(8%)
0.08+0.04 a(9%)
0.38+0.02 a(16%)
0.31£0.11 a(16%)
0.22+0.05 a(10%)
0.22+0.08 a(10%)

0.08+0.04 b(7%)

0.12+0.03 b(13%)
0.26+0.03 a(30%)
0.14+0.04 b(17%)
0.30+0.06 a(12%)
0.23+0.08 a(12%)
0.43+0.30 a(18%)
0.27+0.07 a(13%)

T R AP R A EER 2 , 45 5 P BIE A 0C FLA9) 5 A IR FRAL BRVR T Te)— 2 P ) 5 REAR AT .34 9% 57 (P<0.05)

Note: Data are shown as mean + SD of three replicates, percentages in brackets. Different letters in the same column indicate significant differences be—

tween vegetables for the each treatment at P<0.05.
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Figure 1 Cd amount accumulated in vegetables

R IRIER S PRI R RS0 53 L A e R R
L5 (F3). WA ALIIVE RO KR A 4 i
H GBS , Ml 35 43 L BE S, E SR A0 B
BEH 1 pmol L7 B, 3IF 50% 0950 BAVEARTS, (H2
S9% 50 BRVEMT S MR, 15 M 1 SRS 19 H ik
S EEAEAE ., Hi b 3R F Fh AN L AR L s , 25
A RS

3 NG

MR BRI ISR K T, BEA BRI (1
AR An T A BE b B A AR PN, IR,
Mo bR ER S B FR AN AR BE LS B AL T AR BRIIZ S
TS A E AR APt A B0 1 R A 7 200 i o A A 0
Ramos SFPIRIR I A5 R FIAE R I, K2 63% 14 2
TE 55 LA RE T, 23% 34 T IR IR, A AR T
LR b ) IO AR I BE R I A 322 1) COOT, T RE

R2 BREARTIBHEE(ng kg TE)
Table 2 Cd concentrations in different part of vegetables(mg-kg™ DW )

Cd ¥ /pmol - L B e Cd 2Erh Cd & e Cd ik
Cd concentration Vegetable Cd in leaves Cd in stems Cd in roots

1.0 T 19.03+5.84 a 26.34+1.00 a 83.20+17.31 ab

[EE2 19.91+6.06 a 22.19+391 a 106.39+7.19 a
[ E-AN 10.96+3.47 b 17.78+4.34 ab 103.02+10.72 a

BN 20.18+6.04 a 13.00+5.47 b 72.30+15.03 b
5.0 T 46.57£9.26 a 45.07+1.64 a 117.21+20.77 a
EE 38.35+9.54 a 53.34+17.50 a 133.74+12.66 a
B 22.57+3.50 b 43.54+3.47 a 116.52+19.01 a

SR 39.64+6.02 a 40.07+2.44 a 71.44£597 b

T - R PRI A I E AR 22 s R R B AL B 2 T (] — 8 R AT R AU B 35 22 57 (P<0.05 ).

Note: Data are shown as mean+SD of three replicates. Different letters in the same column indicate significant differences between vegetables for the each

treatment at P<0.05.
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Table 3 Cd distribution in different parts of vegetables as proportion of the total amount( % )

Cd ¥ JEE/pmol - 1. BRI i A LA 25y A AR R 43 LAl
Cd concentration Vegetable species Leaf proportion Stem proportion Root proportion

1.0 THSE 33.7 22.4 43.9

P 36.5 16.3 472

HE b 24.7 16.7 58.6

EENN 45.7 8.8 455

5.0 e 2.5 21.6 359

13k 39.7 26.8 335

N 34.7 27.1 382

HE b 57.1 16.0 26.9
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